The infra red emission spec trum of t he flame of a Bu nsen burner has bee n mea sured with pris ms of LiF, N a CI, a nd KBr. In t he region of 2.7 iJ., t he emission b a nd has bee n resolved in t o t wo bands, 2.5 a' nd 2.7 iJ., and a seri es of 15 lines fr o m 2.8 t o 3.1 iJ.. These emission li nes are separated b y about 22 cm-1 a nd fall in t,he spectra l regio n wher e the ro tat iona l-vi br ational band of OH should occ ur. The spacin g betwee n lines, however , is too s ma ll for t he cha nges in t he e ner!;,J levels of the OH molec ule. This separat ion agrees very well w ith t he ca lcul at"ed valu e for cer tain r otatio nal states of t he H 20 molec ul e. The lon g wave lengt,h band a t 15 iJ. has been observed in both C O burned in t he a ir a nd t he Bunsen b urner fl a me. Th e p resent d etection of t his band represents t he fir st co nfirma t ion of t he ori gi nal observations of Rube ns a nd Aschkin ass. Several bands h ave been observed wit h a gratin g instrume nt , and their fr eq ue ncies check well wi th k nown e nergy transitio ns. The re gion from 12 to 24 iJ. has been measured wi t h a KBr pris m for th e Bunse n flame. I t co nt ai ns a. lar ge number of t he pure r otat iona l lines of wate r vapor. In addi t ion to t he H 20 li nes, t here ar e two stro ng ba nds, 14 a nd 15 iJ. , which are p rodu ced by CO2•
Introduction
Many observers have studied th e infrared emision of a Bunsen flame [11. 2 Th e strongest band ocem s at about 4.4 Il and is produced by carbon dioxid e. Other bands have been found a t 0.95, 1.45, 2.0, and 2.8 Il , and are a ttributed to carbon dioxide and wa ter vapor. Very little radiation has been observed in the r egion b eyond 7 Il .
In the visible and ultraviolet r egions of the spectrum, considerahle progress has been made in the study of flames [21. By the use of instruments with good r esolution and by detecting with pho tographic plates that average out th e fluctuations of the flame, many band systems have been iden tified . The b and systems include such atomic groups as OH, ON , NO, OH , and NH.
The ques tion may be asked why the spectra of such groups have not been 'observed in th e infrared region. The probable r eason is tha t sufficiently high resolution has not been applied in the infrared region to sep arate properly the spectra of the different groups. Also, slight flu ctuations in the flames make i t difficult to obtain accura te meas-1 Part of the subject ma t ter of t h is p aper was presented at the Ci ncinnati meeting of tbe Optical Society of America on October 23 to 25, 1947. , F igures in brac kets in <l icatc thc l iterature references at t he end of t his papcr.
Infrared Radiation from a Bunsen Flame m emen ts with radiometric detectors. An advantage in tll e study of the infrared spectra of flames is tha t a large percen tage of th e energy emitted by th e flame falls in t his r egion. The presen t study is mainly confined to the flame of the Bunsen burner. Both natural and mixed manufactured-,natural gases were used .
II. Experimental Method" and Results
A P erkin-Elmer infrared sp ec trometer was used. in the measurement of the spec tra, with prisms of LiF, N aOI and KBr for the differ en t regions of the spec trum. A Bunsen burner wi th a steady flam e was substituted for the global' source. Observations wer e made on the flame in the r egion of th e cone, about two thirds of the distance from the hottom of the cone. Although the flame appeared steady, ther e was some variation in the total radia tion that may have been produced by small fluctua tions in the gas pressure. In many cases, a r egion was observed five or six times, and an average curve calculated from the various observations. The spectr a shown have been averaged. As a rule, a single trial would not yield such a smooth curve. However , no emission band was included unless i t could be r edetermined several times. For this reason, there may be more structure in the bands than is actually . shown . Figure 1 shows the en ergy curve for the Bunsen burner as obtained with a NaCl prism in the region from 1 to 5 J.1. T he lowest curve was observed with slits 60 J.l wide, and the slits were 100 J.l wide for the upp er curve from 1.5 to 4 .0 J.l. In t he region from 1 to 1.5 J.l ,200-J.l slits were necessary to observe th e bands. In th e r egion of z 0 t-.., 4.25 J.l , there is a drop in the energy curve produced by the absorption of th e carbon dioxide in the air. The strong band at 4.39 J.l is somewhat irregular at the point of greatest energy and can be observed better under higher resolution . The r egion from 1.7 to 3.6 J.l has been observed under higher resolution by the use of a LiF prism. The r esults are shown in figure 2. The slits used wel'e 60 J.l wide.
These results were obtained with natural gas containing about 88 percent of methane. The small bands in the region of 1.8 to 2 J.l are produced by water vapor and CO2• The band at 2.49 J.l is probably due to water vapor, and the band s in the region of 2.7 J.l are attributed to CO2. Th e fine structure in the r egion from 2.8 to 3.1 J.l may I I J be produced by H 20. This fine structure extends over to the 2 .7-J. 1 r egion, but because of the absorption of water vapor in the ail' and the band at 2.79 J.l in the LiF prism, it could not be observed I with sufficient accuracy to be included. Hence, .'} a smooth curve was drawn thru the observed points in the 2.7-to 2.8-J.l region. A small band observed in the region of 3.32 J.l is probably produced by CH. This band is of low intensity, and it is not possible to determ ine whether it arises from CH, CH2, c'H3 or CH4 It is removed by about 12 cm -1 from the position of the methane absorption band .
In figure 3 is shown the emission band in the region of 4.36 J.l. Th e solid line gives the actual figure 3 indicates the amount of en ergy that would be present if the CO2 in the air did not absorb any of th e radiation emitted by the flame. The corr ections to the observed curve were averaged from six observations of th e absorption of CO2 in this region. As th e flam e changes th e amount of CO2 in the air, it was found necessary to take a reading of th e radiation of th e Harne and, immediately afterward at th e same wavelength , a reading of th e radiatio n fr om the global' source. This m ethod of m easurement was carried out at frequent seLLings of the wavelength drum, and the resu· ltant curve was obtained. Barker [3) has obtained a curve of tll is type by the use of a grating spectrometer . The value of th e maximum energy was found by Barker to be 4.37 J.l. Th e absorpLion by th e flamc of rad iation in th e region from 4.0 to 4.8 /-' is small. The flam c of th e Bunsen burner was placed in th e path of the radiation from the global' source, but in a posiLion where its Harne was not in focus and hence its radiation could produce very little effe ct on the detector. At 4.36 /-' where th e maximum emission of CO2 occur , th e global' radiation was reduced very li Ltk, and no appreciable absorp tion The broken line represents th e probable fo rm of the energy cune . fter a ppl yi ng correc tions for absorption of CO, in the air . due to th e flame was found in any part of tb is spectral region .
Infrared Radiation froIn a Bunsen FlaIne
In figure 4 i shown the emission sp ectrum from 6 to 8.5 /-' . The energy is low in this region so that slits of 300 /-' were used. This band is somewha t distor ted and is part of th e bending vibration of H 20. In absor ption this water-vapor band occurs at 6.26 /-' . Some lines of th e rotationalvibrational band stand out clearly in th e regio]) of 7.5 and 8 /-'. The r egion from 5 to 6 /-' cou ld not be studied in detail because of th e overlapping of th e strong CO2 band. This band was measured with a NaCI prism . No doubt, a greater detail of structure could b e observed by th e use of a CaF2 prism or a grati ng.
Rubens and Aschkinass r4] in th eir study of th e emission of water vapor, were able to find both branches of this vibrational-ro tational band, because th ey did not have th e tr emendous overlapping of the CO2 emission band. In th e emi ssion curve that th ey obtained from the Bunsen burner they were able to obtain only th e long wavelength portion of the band, as is shown in figure 4 of t h e presen t paper . Their instrum en t was not of sufficient r esolution to observe the individual rotational lines. However, their work W flS remark:ably accura te and th e bands ch eck well in intensi ty with the results obtain ed in the present study.
In figure 5 the ro tational lines of water vapor have been observed from 8.5 to 14.5 /-' with a NaCl prism and slits of 0.45-mm width. The energy is very small in this region, and from \} z o ;: to 11 J. . L it falls to a minimum. This is the part of the spectrum where water vapor has the least absorption, and is also that part of the spectrum where the pure rotational lines of H 20 begin to appear. The energy increases from 11.5 to 13.5 J. . L and then starts to decrease again. The decrease in energy is caused by the absorption of CO2 in (,he air and the absorption of the prism. In addition to thr. water-vapor lines in this region, there is a possibility that the two difference bands, 1'3-21'2 and 1'3-1'1 are present in low intensities. These bands occur in absorption at 9.40 and 10.41 J..L. There are two distinct maxima observed in this region, but whether they are produced by H 20 or CO2 has not been determined b ecause both substances are present in the Bunsen-burner flame. This question can be answered when sp ectra of burning hydrogen and burning CO are measured separately in this region. That the decrease in energy is caused by the CO2 and the absorption of the prism is clearly demonstrated when this region is studied with a KBr prism. In figure 6 is shown th e energy curve from 12 to 24 J..L. From 12 to 19.5 J..L the slits were 0.5 mm in width; from 19.5 to 21.5 J..L, 0.7 mm; and 21.5 to 24 J..L, 1.0 mm. In contrast with the measurements with the N aCI prism, which does not give large deflections for this part of the spectrum, the energy observed with the KBr prism increases from 12 to 15 J..L. The broken line curve at fibout 15 J..L in figure G is a measure of the energy after corrections have been made for the absorption of CO2 in the air. The absorption of CO2 in the air wasmeasured with the same slit width used in the emission measurements, and then corrections to the observed curve were made. The maximum of radiation occurs at 15.0 J..L. This emission band is no doubt 116 .... one of the long wavelength CO2 bending vibrations. In th e region from 13 to 17 J..L, there is a considerable number of lines of water vapor, which overlap th e CO2 emission. However, the two intense peaks at 13.9 and 15.0 J..L are produced by CO2• In 1944 an unpublish ed study WfiS made by the author at the University of Michigan on the emission of burning CO, using a grating spectrometer with a KBr foreprism. The CO was generated by two different methods. In one case a furnace was used that had a tube in the center filled with charcoal. Oxygen was passed slowly through the h eated tube, and the CO was burned at th e end of the tube. In the second case the CO was generated by dropping formic acid onto h eated sulfuric acid. The radiation of the burning CO was measured, and in each instance, two p eaks were found-one at 14.0 p, and the other at 15.0 J..L. As a further proof that the observed bands were prod uced by CO2, the charcoal was removed from ') th e tube and CO2 gas was passed slowly t hrough the heated tube. Under these conditions, the radiation in the 15-J..L region was also detected.
The results obtained with the grating instrument are shown in figure 7. The slits of the spectrometer were 1 mm wide and a 1,2 00 line per inch grating with an area of 108 in. 2 was used in the spectrometer. The energy of th e th ermocouple was amplified by a Moll thermal relay, and the deflections of a high sensitivity galvanometer were read on a scale at a distance of 3 meters from the galvanometer. Very low levels of radiant energy could be detected with tll is system , but even so, wide sli ts were necessary in order to detect these bands . In addition to the bands shown in figure  7 , there are probably several other smaller maxima III this region tha t were not detected. The c urve represents the probable em is ion curve aILer corrections to the deflections were made by taking into consid eration th e absorption of the CO2 in th e air. Rub ens and Asehkina s [4] in 1898 observed a band at 14.1 p. , but later observers were not able to find any band in this region . The intensities obtained by Rubens and Ascbkina s for th e bands of th e Bunsen burner flame are in good agreement with results of this study. They m easured the emission spectra to 23 p. wi th a KCl prism and found a definite peak in the region 13 t o 14 p. , although their r esolution was not great enough to show that this r egion contained many emission bands and lines. Their success in finding the band was due to the use of the K Cl prism.
Garner amI .Tohnson [5] in 1927 tried to observe this band but were no t able to detect any en ergy in this region. They stated tha t, if the band was one-fiftieth as strong as the 4.4-,u band, it co uld be observed. The r easons for the low intensity of this band are discussed in section III.
The emission spectrum of the Bunsen burner from 6.5 to 24 p. has a large number of water vapor lin es caused by rotation of th e H 20 molecules. No doub t these lines continue beyond 24 p.. The eparate emission lines are not quite at th e sam e posi tion in wavelength as the absorption lines. Also there ar e many other lines that fall between the ones shown in figure 6 , but, because of th e low Infrared Radiation from. a Bunsen Flam.e r esolution, they could not be observed in suffi cient detail for measurement.
III. Discussion of Results
The infrared-absorption spectrum of CO2 ha been classified by Adel and Dennison [6] , and, by m eans of their equations and certain observed bands, it is possible to calculate th e frequen cy corresponding to th e various quantum states. The notation followed in this discussion to designate the differ ent types of vibration of CO2 and H 20 is that used by Herzberg [7] in the classification of these molecules. For example, the V3 band, which is the asymmetrical vibration along the line of centers, for th e quan tum change from o to 1 gives rise to a band at 4.25 p.. For the quantum changes 1 to 2, the band falls a t 4. 30 p. , for 2 to 3 at 4.34 p. , and for 3 to 4 at 4.38 p.. In emission the quantum numbers change from large to small, but the en er gy changes are the sam e between th e two states for absorption or emission. It is no t possible to observe distinct bands corr esponding to the differ ent quantum jumps in the 4-to 5-p. r egion, as there is considerable overlapping of the various states. Also the quan tum states of the other vibrations vary and produ ce a sligh t shift in the bands. The temperature measured from the inner cone to th e ou ter surface of the flame varies considerably.
In addition, there is a change in the intensities of l'otationallines as the temperature is incr eased. With all these effects on the en ergy emitted, it would be difficul t to give a good approximation of the r elative number of mole cules r epresented in each state. The r adiation of this band can be observed to about 5.0 p. , and this indicates that ther e is a considerable number of molecules in th e higher rota tional and vibrational states. The two bands, observed at 2.69 and 2.72 p., arise from the combinations V3+ Vj , and V3+ 2v2. In absorption, three bands occur that arise from th e combinations V3+ 4V2, 2V2+ Vj + V3, and 2vj + V3, whose wavelengths are 2.05, 2.01 , and 1.96 }.L, r espectively. All three bands are of the doublet type and do not have the strong zero branch that would make it possible to separate them. These three bands probably produte th e one maximum th at is observed at 1.95 J.1 In th e 15-}.L r egion, the various states give rise to absorption bands with a zero branch . Therefore, the separate bands produced by differ en t quan tum jumps are discernible. For example, the band at 13.88 J1. is produced by the change (10°0) to the (0110) , that is VI -V2. The appearance of this band with such a high relative intensity indicates that the energy of the inactive frequency VI , is transferred to the v2 level, where it can be radiated. The possibility of a transfer of the energy from one of the higher states of the inactive frequency to a state of an active frequ ency has b een suggested by Gaydon [8] .
The strong maximum shown in figure 7 probably arises from the transitions (02 2 0) to (0110) and (0110 ) to (00°0 ). Also the transitions (03 1 0) to (02 2 0) at 15.46 J1., (02°0) to (0110) at 16. 18 J1., and (03 1 0) to (02 2 0) at 16.75 J1., should appear in this regIOn. There is some indication of these bands in the observations made with the grating spectrometer, but this region should be restudied to definitely establish the presence of these transitions.
The intensity of th e bands of CO2 in emission is different from the intensity in absorption. The probability coefficients of the population of states are well known and vary as the third power of the frequency in emission, although in absorption these coefficients are independent of frequency . That is, two absorption bands of equal intensity and having frequencies of 1,000 cm-1 and 2,000 cm-\ respectively, would have an intensity ratio of 1 to 8 in emission. Shaefer and Phillips [9] state that the 4 .25-J1. band is about 28 times as strong as the 2 .75-J1. band in the absorption spectrum of CO2, In the Bunsen flame the ratio is about 4 to 1 for the emitted energy of these two bands. However, when the factor (3700/2300)3 is multiplied by 4 , a value close to 17 is obtained. It is difficult to make accurate intensity measurements, and the values given above are rough or approximate figures. The check is sufficiently close to suggest that the same type of excitation is present in each band, and that it is not necessary to assume a chemical reaction rather than thermal excitation. However, the approximations made in this calculation are not accurate and the possibility of a combination of thermal and other excitations cannot be ruled out \' Vhen the long wavelength band at 665 cm-1 is con sidered, there is a large decr ase in the energy emitted b ecause of the dependence on the third power of the frequency . The ratio of intensities in absorption must be multiplied by (2300 /665) 3 to obtain the ratio of intensities in emission . This gives a value of approximately 120 to 1 for the intensity ratio of the 4.36-J1. band to 15.0-J1. band . For a more accurate determination other factors would havc to b e taken in consideration, but as the intensity measw'ements are not very accurate small correction terms would not be significant. The value of 120 to 1 for th e ratio of intensities of these bands probably explains why Garner and Johnson [5] did not observe this band as they stated that an intensity ratio of only 50 to 1 was necessary for detection. It should be emphasized that in calculating these intensities only rough approximations have been used, and a much more refined mathematical treatment, taking into consideration the various energy states involved , as well as other factors , is necessary before an accurate value can b e arrived at. However , such estimates are valuable in predicting the order of magnitude to be expected in the intensity measurements.
In figure 6 the deflection as shown in the broken .-., curve is the amount of energy emitted after making the correction for absorption of CO2 in the air. This deflection is about equal to the deflection obtained in the 4.36-J1. band. After taking into consideration the differ ent dispersions of the N aCI and KBr prisms, and the different slit widths used in the two regions, the ratio of the observed energies in emission for the two bands is found to be roughly 100 to 1. This is approximately the same valu e as found in the calculated intensity ratio for emission. This suggests th e possibility that t his band is excited by the same mechanism as the 4.36-,u bane1. However, because of the roughness of the approximations, this calclliation cannot be taken as proof of the nature of the energy.
Gaydon [8] calculated the radiative life, or time of transition, from one state to another from observed absorption measurements and found that for the V3 vibration this value is about 0.01 second, and that V2 has a time of transition of about 0.2 second. Because of the greater transit ion life of Vz, h e conclud es that most of the energy of the 14.97-J1. band is lost by collisions and do es not enter into the radiation process. Gaydon further states that the failure to observe this band is proof that the emission is produced by chemical rather than thermal causes. If the excitation is thermal, the band should be present and have an intensity in accordance with theoretical calcula-tions, because the popu lation of the excited states wou ld b e in creased a nd decreased by about the , same amount in th ermal exch anges. That thermal exchange could be the means of the energy radiation has been shown in th e discussion of the ratio of th e observed intensities of the V2 and the V3 vi brations. Gaydon has a very complete and inter es ting disc ussion in his book in regard to the combustion process and the influen ce of H 20 and other substances on the energy emitted by the flam e. The emission spectrum of water vapor consists of vibrational-ro tational bands and pure rotational lines. The two OH vibrations in th e wa tcr vapor molecule give rise to bands at 2.66 and 2.74 in absorption. In figure 2 th e water band is well separated from th e 2.7-fJ, r egion and has its maximum energy at 2.49 fJ, . T h ere is an ad di tional maximum on th e short wavelength side of this band, bu t it is not well resolved. The cha nge in freq uency of th e H 20 molecule in emission as comp ar ed to the correspond ing frequency in absorp tion may be brought about by th e molec ule being io the higher rotational states. Randall, D ennison, Gins burg, and IiVeber [10] h ave shown in accounting for th e rotational l ines in th e absorp tion spectrum of wate r vapor that, for the high er energy states, the re is a ch ange in the a ngle of the ,vater molecule. Th ey state that the bond angle of t he molecule changes from it eq uilibrium value of 104°36' to 98°52', and the OlI distance changes from 0.9558 to 0.9640 A wh en J = I1. Therefore , if th e molecule at the temperature of emission is in the high er rotational states, it would not hav e the same spread between the maxima in the P a nd R branch es as observed in absorp tion . The combina tion band V3+V2 is observed at 1.81 fJ,. This band corresponds to th e band at 1.89 fJ, in absorpti o n.
It is not possible to identify th e exact location of the 6.26-fJ, band, but it is shifted to abo ut 6.35 fJ, . By subtracting l!3 from l!Z+1'2, a value of 1508 cm-1 or about 6.63 fJ, is obtained , which corresponds approximately to th e observed value. The 6.26-fJ, absorption band of H 20 has a grea ter intensity than the 2.66-fJ, band. However, in emission the 2.49-fJ, band is mOl'r intense than the 6.35 -fJ, band . Th e change in in tensity ratio between absorption and emission is explained by the third power of freque ncy t hat enters into th e probability coefficient of emission . This effect has been discussed I n frared Radiation from a Bunsen Flame in connec tion with the intensities of the CO2 rmision ban ds and will no t be rep eated for the H20 bands.
There arr several small bands of CO2 anl 1 H 20 in the r egion helow 1.8 J.I. , but the,v have not been st ud ied in detail and no attempt has b een m ad e to classify them . In figure 5 it is seen that the rotational-vibrational band of water vapor becomes very weak in the spectral region of 9 J.I. . In this r egion it is diffi cult to classify a line as part of the rotational-vibrational band or as a pure rotational line . The lines increase in intensity from 9 to 15 fJ,. The r esolution is good with a NaCl prism at 12 and 13 fJ" and much more detail of the lines can be seen than with a KBr prism . Howrver , beyond 14 fJ, the KBr prism is more suitablr. Some of the strongel' emission lines have been compared with t he absorption Jines fol' tll(' sam e spectral region, ann it is found that the lines in em iss ion do not appeal' at tI1 e same fl'equrncy as the absorption lines. T his variat ion in frf' -quency is probably caused by the em iss ion lines being produ ced by t ransitions when the mole cuk occupies high er states, alJd th e absorption lines br ing produ ced by lower energy tr ans ition . Th esr emiss ion lines should be m eas ured on a grating inst['llmen t. Th en it may be poss ible to class ify properly the em ission lines, as has ber n dOllr fo r rotational li11('s in abso rp tion .
In flg urc 2 th rl'r ar e shown 15 rotational lines in th r r rgion brtween 2.8 and 3.2 fJ,. Som e linr s are also present brIow 2.8 fJ" but because of th e a bsorption of th r water vapor in the a il' and tit" CO2 emission band , the lines brIow 2.8 fJ, co uld no t be measul'ed acc ura tely . The fifteen lin cs obsrl'ved arr spaced about 22 cm-I apart. vVith higher r csolu tion the band might sho \\~ additiona I fine structure. Th rse rotatio nal linrs, breause of th e large fr equency spac ing, eviden tly involve hydrogen. The OH band fot' many substancrs has been observed in the region of 2.8 fJ, . The momen t of inertia of the OH gro up is such that a spacin g somrwhat differ ent than that observ ed in th ese lines would be expected. The observed spacing of t hese rotational lines corresponds mor e cis ely to th e spacing calculated for th e H 20 molec ule when the quantum changes ar e i1k = O and i1j = -1. These lines correspond to t he changes fromj = 10 toj = 24. In the flame of burning hy drogen these lines ar e much more intensr, and several addi tiona 1 lines h aye bern observed . These data will be presented in a subsequent article.
A small emission band has been observed in the region of 3.32 J..!. This band is about 12 cm-1 less in frequ en cy than the methane band. The intensity of th e band is v ery low. The region of m aximum energy has the appearance of a zero branch. As this is the part of the infrared spectrum, where characteristic vibrations of CH ar e found in absorption, this band is classified as being produced by the CH bond. As no rotational structure has been observed , it is not possible to distinguish between CH, CH2, CH3, or CH4, and this band may arise from anyone of th ese atomic groups.
Because of the strong emission of the CO2 band in the r egion of 4.64 J.L, no radiation that could be attributed to CO would be discern ed unless it was of considerable intensity. As no bulge was observed, any energy that the CO molecule radiates in this region must b e of low intensity. Tn the region of 2.3 J..! , the flame is almost void of radiation, h en ce a low-intensity band due to the harmonic of CO could have been detected if it occurred . This leads to the conclusion that CO contributes very little to the total emission of the Bunsen burner .
The absen ce of a band in the r egion of 2.2 J..! indicates that there is not a first harmonic of the j/3 vibration of CO2• This is in agreement with th e self'ction ru les that apply to absorption .
IV. Conclusion
In this work the infrared emission of a Bunsen flam e has been measured from 1.8 to 24 J..! and good resolution, obtained by a LiF prism , has b een employed for the study of the region from 120 1.8 to 3.6 J.L. :Many bfmds have b een resolved that have not bcen r eported previously by other observers. It appears that a study of th e infrar ed radiation with higher resolution than that used in this work would r esult in showing more detail that would be of gr eat value in the fornlUlation of a theory of combustion. This would also allow the more accurate calculation of the energy states. In addition to the n eed for b etter r esolution, well-regulated sources should b e used so that the various gases and the oxygen or air may be varied in known amounts. A vacuum spectrometer or on e in whi ch the air about it is free from CO2 and water vapor would allow more accurate measurements in several regions of the spectrum.
